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Abstract 
 
The research was carried out during two years between 2017 and 2018 at ARDS Turda, using Onix and Felix 
soybean varieties in a classic and conventional system under the conditions of the Transylvanian Plain. The measurements 
of physiological parameters were achieved when the culture was fully matured, on 10 plants x 5 readings x 3 repetitions 
at the end of June, in the two experimental years, at the beginning of the formation of the pods. Among the physiological 
parameters there were selected: the net photosynthesis (An -μmolm-2 s-1), the evapotranspiration (Evap- mmolm-2s-1), leaf 
temperature (T leaf -o C), the active photosynthesis (PAR -μmolm-2 s-1), the leaf water deficit (VPD-kPa) and water use in 
photosynthesis (WUE - μmol mol-1). In soybean culture the technology used showed that soy varieties had the  net 
assimilation (24 and 28 μmolm-2 s-1) and the physiological parameters higher  at conventional tillage system (plowing) 
compared with the conservative tillage system (chisel) variant, respectively a higher yield (of 2600 and 3000 kg/ha) under 
the conditions of the Transylvanian Plain.The main aim of the paper is to identify the important physiological moments 
in the development of the soybean culture in the two tillage system classical (plowed) and conservative system tillage 
(chisel variant). 
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1. Introduction  
 
 Soy is one of the oldest crops from very 
distant times over 7000 years, with a very rich 
nutritional value needed in human and animal 
nutrition [11] and benefiting from efficient biological 
mechanisms in adaptation to soil conditions [16]. Soy 
plays a special role in crop rotation due to symbiosis 
relationships with bacteria of the genus Rhizobium, 
contributing to a significant extent in improving soil 
attributes, by raising fertility levels as a good 
precursor for most crop plants [2]. In soybean culture, 
net  photosynthesis  is  characterized  by  a  seasonal  
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dynamics with 3 phenophases, corresponding to leaf 
formation, flowering and stocking of the reserve 
material in grains [18]. The maximum intensity of the 
soy photosynthesis process is achieved when the 
leaves reach full maturity and maximum size [8] and 
the stems and pods have a lower intensity of 
breathing [1, 3].  
The maximum intensity of the photosynthesis 
process is achieved when the leaves reach the 
influence of different tillage systems, the classical 
and conservative tillage system on the net 
assimilation and the physiological parameters of the 
soybean culture, directly on the leaf without the 
destruction of tissues is essential for its growth and 
development as vegetable mass, quality and yield 
[6,7]. 
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2. Material and Method 
 
The studies were conducted over two years, 
during the period 2017-2018, as biological material 
there were used  Onix and Felix, soybean varieties 
created at A.R.D.S. Turda, being very productive, with 
high quality indeces, which proved to be resistant to 
drought and high temperatures [10], to which various 
tillage systems were applied, classical (CS) and 
minimum tillage system, MT).The experiments were 
carried out on a vertically neutral clay-clay soil -
cernoziom type with a humus content of 0-30 cm 
between 3.12 - 2.14% and clay, between 51.8 - 55.5% 
(clayey texture), the precursor plant being maize. 
The seeds were treated with the Nitragin 
bacterium 3-4 vials to the amount of seed required per 
hectare, and the fertilization was carried out on nitrogen 
and phosphorus a.s. simultaneously with sowing (N20: 
P20: K0 -100 kg/ha).The experience was of 
polyfactorial type with 2 years x 2 varieties x 2 systems: 
Factor A - Year: 
-a1-2017; 
-a2-2018. 
Factor A-Variety: 
-b1 - Onix variety; 
-b2 - Felix variety. 
Factor C – tillage system: 
-c1 – classical tillage system (SC): plug + 
rotary harrow + seed + fertilizer (variant 
control); 
-c2 - minimum tillage system (MT): chisel + 
rotary harrow + sowing + fertilized. 
Measurements of physiological parameters were 
performed when the culture was fully mature on 10 
plants, there were 5 measurements/plant x 3 repetitions 
in June and July, 3 days after the application of the foliar 
fertilizer in the two experimental years. The 
measurement time was based on the time of tissue 
adaptation in the test chamber and  for the analyses we 
chose: net assimilation (A = μmolm-2s-1), CO2 
concentration of the substratum cavity (Ci = mmolm-2s-
1) total CO2 conduction (GS = mmolm
-2s-1), 
evapotranspiration (Evap), active photosynthetic 
radiation (PAR = μmolm-2s-1), reference CO2 = 360 
μmol mol-1 VPD - kPa), water use efficiency in 
photosynthesis (WUE = mmol CO2 mol
-1 H2O) and leaf 
temperature (Tleaf). The research method used was 
non-destructive (the leaves were not detached from the 
plant) and was based on the use of the CIRAS-3 leaf gas 
analyzer, which simultaneously determined several 
physiological and environmental indicators [19]. The 
data analysis system was performed with the help of the 
Statsoft Statistica v10 software [21].  
The statistical analysis was exploratory, related 
to descriptive statistics of data, correlations between 
experimental parameters and observations, and multiple 
comparisons (Fisher LSD) and which were meant  to the 
influence of different tillage systems, the classical and 
conservative tillage system effect on the biological 
development of plants, separately on 
varieties.Regarding the meteorological conditions in the 
Transylvanian Plain in the years 2017 and 2018 it was 
observed that the average monthly temperatures were 
close during the vegetation period, 2018 having slightly 
higher average temperatures, being characterized as two 
warm years from the thermal point of view.  
Even if the soybean culture suffered in July, the 
average monthly temperature during the vegetation 
period was normal, respecting the phenophases of 
normal soybean growth and development. The average 
monthly temperature during the vegetation period was 
lower in 2017, May April, July and September being 
thermally normal and June and August exceeding by 2.5 
°C.  
The development of soybean culture was normal 
in 2017, with the exception of June and August, plants 
suffering from growth and development, compared to 
2018, where plants have grown normally due to 
precipitation (Fig. 1). The high temperature during 
daytime soybean culture (35 °C) in the flowering phase 
resulted in a 27% decrease in yield [4]. Regarding the 
pluviometric regime in the years 2017-2018, during the 
vegetation period there is a much greater oscillation of 
precipitation from excessively rainy to normal and 
excessively dry to normal. The year 2017 was 
characterized as a very rainy year, with the exception of 
June and August, which had a drastic influence on the 
growth and development process and the formation of 
pods, and very rainy September and October, making it 
difficult and delaying the harvesting period (Fig. 2).  
The rainfall amounts in 2018 were lower than in 
2017 and were evenly distributed influencing growth 
and development of soybean culture. Soybean culture is 
sensitive to water deficiency especially during the 
growth and development period. As a consequence, 
there may be a significant reduction in foliar surface, 
flower abortion [12,13]. a lower nutrient assimilation, a 
smaller number of pods, and a 14-32% reduction in 
grain size [15], all of which led to a fall in yield [17]. 
Excess soil water is equally harmful by limiting 
yield potential [14] causing less growth and 
development during the vegetation period [9].
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Figure 1. The monthly temperatures recorded at ARDS Turda, during 2017- 2018 [20] 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. The monthly rainfall recorded at ARDS Turda, during 2017-2018 [20] 
 
3. Results and Discussions 
 
Sample F shows that the yield and 
evapotranspiration results were influenced by the 
environmental conditions and the application of foliar 
fertilizers, the differences being statistically very 
positive and the net assimilation statistically 
significantly positive (Table 1).  
The highest yield in the two years of experience 
was obtained in 2018, respectively of the tillage system, 
which was statistically ensured as being significantly 
positive.Comparing the average values of the 
experience in the two years of cultivation, the Onix 
soybean has obtained the highest yields regardless of 
the tillage system, being statistically insured as being 
very significantly positive to the variant control (mean 
of the two varieties).The highest yield in the two years  
 
2017 and 2018 was obtained on the Onix variety in the 
classic tillage system with a yield increase of over 250 
kg/ha in the Onix variety in the conservative system 
(SC) compared to the minimum tillage system MT) 
being statistically assured as being significantly positive 
(Table 2). Based on total experience, assimilation 
recorded higher average values on Onix variety  with an 
average of 27.5 μmolm-2s-1, on the conservative tillage 
(MT) variant, which had a statistically significantly 
values positive average compared with  the variant 
control. In the two tillage systems applied, it can be seen 
that the total assimilation of soy in the classical system 
tillage (SC) to the minimum tillage system was lower 
(MT) by 2 μmolm-2s-1, registering statistically 
significant values negative compared to the control 
variant (classical system tillage) (Table 3). 
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Table 2.The influences of tillage systems on yield to soybean culture 
 
Year Var Variety Onix Felix Onix Felix 
  Yield V1/CS V1/CS V2/MT V2/MT 
2017/2018 Systems Kg/ha 2975.0 2765.0 2730.0 2720.0 
Onix V1/ CS 2705.0 0.002 0.470 0.824 0.233 
Felix V1/ CS 2620.0 p<0.001 0.088 0.218 0.856 
Onix V2/ MT 2500.0 p<0.001 0.003 0.011 0.204 
Felix V2/ MT 2440.0 p<0.001 p<0.001 0.002 0.059 
values marked with red are significant: p<0.05 *; p<0.01 **; p<0.001 *** 
 
 
Table 3 The influences of tillage systems on net assimilation to soybean culture 
 
Year Var Variety Onix Felix Onix Felix 
  Net assimilation   V1/CS V1/CS V2/MT V2/MT 
2017/2018 Systems (An-μmolm-2s-1) 25.6 23.5 27.7 25.4 
Onix V1/ CS 24.4 0.201 0.601 0.022 0.217 
Felix V1/ CS 22.7 0.023 0.114 p<0.001 0.026 
Onix V2/ MT 25.4 0.454 0.981 0.071 0.482 
Felix V2/ MT 23.9 0.053 0.225 0.004 0.059 
values marked with red are significant: p<0.05 *; p<0.01 **; p<0.001 *** 
  
 
In Onix and Felix soybean varieties in the two 
years 2017 and 2018, evapotranspiration (Ev) was 
higher in the conventional tillage system (SC), with a 
statistically significantly negative mean of the 
minimuml tillage.  
The Onix soybean variety in conventional years 
 (SC) had higher evapotranspiration values, from 
4.0 to over 7 mmolm-2s-1 of H2O.  
In 2018 evapotranspiration (Ev) had much lower 
and closest values between conventional tillage system 
(SC) and mínimum  tillage (MT) due to balanced 
temperatures from one month to the next (Table 4).
 
Table 4. The influences of tillage systems on evapotranspiration to soybean culture 
 
Year Var Variety Onix Felix Onix Felix 
  Evapotranspiration  V1/CS V1/CS V2/MT V2/MT 
2017/2018 Systems (Evap-mmolm-2s-1) 3.50 3,40 2.25 2.60 
Onix V1/ CS 7.90 p<0.001 p<0.001 p<0.001 p<0.001 
Felix V1/ CS 7.60 0.180 0.139 0.016 0.004 
Onix V2/ MT 4.27 0.003 0.002 p<0.001 p<0.001 
Felix V2/ MT 7.10 0.656 0.555 0.113 0.034 
values marked with red are significant: p<0.05 *; p<0.01 **; p<0.001 *** 
Table 1 Statistical evaluation of the net assimilation, evapotranspiration and yield by ANOVA  
 
 F p 
Net assimilation  (An-μmolm-2s-1) 3.03 0.011 
Evapotranspiration (mmolm-2s-1) 12.40 p<0.001 
Yield (kg/ha) 9.82 p<0.001 
      Marked effects are significant at p < 0.05 
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The interaction between assimilation and 
soybean yield during the experimental years indicates 
an increase in assimilation being directly 
proportional to yield with a stabilization at 22.5 μmol-
2 s -1 CO2.  
Generally, the regression line shows 
assimilation differences between the two years and 
sets a range of variation in the two soil tillage systems 
in the range of 23 to 29 μmolm-2s-1 CO2 in the yield 
range, 2450 to over 2700 kg/ha. The phenomenon is 
based on the existence of a physiological stress in 
2017, the lack of water during the flowering and the 
formation of the pods, which leads to a decrease in 
yield and assimilation (Fig. 3).  
From the evapotranspiration graph, Onix and 
Felix soybean varieties there can be observed that 
with the increase of yield, evapotranspiration at the 
foliar level decreases, the values obtained oscillate in 
the climatic conditions of the experimental years 
(Fig. 4), with homogeneous values distributed in 
2017 and grouped in 2018.The regression line 
indicates an increase in potential yield from 2500 
kg/ha to an evapotranspiration rate of 8 mmol-2s-
1CO2, to values above 2700 kg/ha under conditions of 
evapotranspiration below 2 8 mmol-2 s -1 CO2.  
Higher seasonal temperatures of over 34 °C for 
10 hours in the blooming period at maturation cause 
a reduction in yield by over 25% due to the inhibition 
of the photosynthesis process [5].  
In Onix and Felix soybean varieties it is noted 
that the net assimilation regression line increases tow 
tillage systems, the values being homogeneous 
between 24.0 and 27.5 μmol-2s-1 CO2, and the 
evapotranspiration at foliar level has values 
oscillators ranging from 1 to 4 μmol-2s-1 CO2 and 
between 7 and 8.5 μmol-2s-1 CO2 under the climatic 
conditions of the experimental years (Fig. 5). 
The foliar evapotranspiration in the years 2017 
and 2018 at the minimum tillage system (MT) had 
lower values than the conventional tillage system 
(SC) (control), with a statistically averaged mean 
being very significantly negative.  
The highest leaf-evapotranspiration (E-
mmolm-2 s-1) was recorded in 2017 in the the 
conventional tillage system (SC), Onix and Felix 
soybeans with values above 7.0 mmol.m-2s-1, 2018, 
with an evapotranspiration with lower values of 
3.50.0 mmol.m-2s-1 (Table 5). 
The highest average of the two-year 
experience of active photosynthetic radiation (PARi 
0-2000) was achieved in 2018 with values above 
1200 μmolm-2s-1 and the highest average of the two 
systems was recorded to minimum tillage (MT) with 
a value of over 1100 μmolm-2s-1, showing 
significantly positive differences from the variant 
control (the conventional tillage system (SC).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3. Multiple interaction between assimilation (An), and yield 
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Figure 4.  Multiple interaction between evapotranspiration (Ev) and yield 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5. Multiple interaction between assimilation (An), and evapotranspiration (Evap.) 
 
The highest efficiency of water used in 
photosynthesis (WUE) in 2017 and 2018 was 
achieved with the minimum tillage (MT) with values, 
having a statistically significantly positive mean 
compared to the control variant, the the conventional 
system tillage SC) (Table 5).In the two tillage 
systems in the years 2017 and 2018, the leaf water 
saturation deficit (VPD) recorded minimum tillage 
(MT) with a statistically significantly negative mean 
variant control, conventional system tillage system 
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(SC). In soybeans Felix in the two years 2017 and 
2018, physiological parameters were influenced by 
climatic conditions and by the two tillage systems, 
net assimilation recording higher values in the 
conventional system tillage (MT) an average is 
statistically assured as a significant positive  
compared to variant control (SC).In the years 2017 
and 2018, the lowest leaf-level evapotranspiration 
(Evap) was obtained in the variant minimum system, 
with statistically significant meanings being 
statistically provided for negative varies, compared 
to the control variant.The highest active 
photosynthetic radiation (PARi) was recorded in the 
conventional tillage system (SC) in 2017, the values 
being close to 1150 μmolm-2s-1. In 2018, the active 
photosynthetic radiation (PARi) had higher valleys in 
the conservative tillage system, with average values 
being statistically ensured as significantly positive 
compared to the variant control.In the years 2017 and 
2018, the highest efficiency of water use in 
photosynthesis (WUE) was recorded in the chisel soil 
treatment system, with statistically significantly 
positive meanings being positive compared to the 
variant control (plow soil cultivation system).In the 
Felix soybean, the highest leaf water saturation 
deficit (VPD), in the two years of experience, in the 
minimum tillage (MT) recorded a statistically very 
positive mean value, against the variant control. 
 
 
Table 5 Influence of soil processing systems on physiological parameters in Onix soybean. 
 
Physiological parameters  c1–Plough c2 –Chisel 
Reference CO2(μmolm-s-1) 390 390 
Net assimilation  (An-μmolm-2s-1) 2017 24.4 Mt 25.4 * 
Net assimilation  (An-μmolm-2s-1) 2018 25.6Mt 27.7 ** 
LSD  5% - 0.97;  LSD 1% - 1.41;  LSD  0.1% - 2.12. 
Evapotranspiration at the foliar level (mmolm-2s-1)(E - mmolm-2s-1) 2017 7.98 Mt 4.27  ooo 
Evapotranspiration at the foliar level (mmolm-2s-1)((E - mmolm-2s-1) 2018 3.50 Mt 2.23oo 
LSD  5% - 0.26;  LSD 1% - 0.38;  LSD  0.1% - 0.56. 
Photosynthetically active radiation(PARi 0-2000) μmolm-2s-1 2017 1240 Mt 1160.0 
Photosynthetically active radiation(PARi 0-2000) μmolm-2s-1 2018 957,0 Mt      1173.0 ** 
LSD  5% - 107;  LSD 1% - 157;  LSD  0.1% - 235. 
Water use efficiency in photosynthesis (WUE mmol CO2 mol-1 H2O).2017 2,9 Mt 5.9*** 
Water use efficiency in photosynthesis (WUE mmol CO2 mol-1 H2O).2018 8.4 Mt 12.5*** 
LSD  5% - 0.18;  LSD 1% - 0.26;  LSD  0,1% - 0.39. 
Saturation deficiency of water vapor (VPD – kPa).2017 1,40 Mt 3.10*** 
Saturation deficiency of water vapor (VPD – kPa).2018        3.30 Mt        4,10*** 
LSD  5% - 0.16;  LSD 1% - 0.24;  LSD  0.1% - 0.35. 
Table 6. Influence of soil processing systems on physiological parameters in Felix soybean 
 
Physiological parameters  b1–Plough b2 –Chisel 
Reference CO2(μmolm-s-1) 390 390 
Asimilaţiei netă CO2 (An-μmolm-2s-1) 2017 22.7 Mt      24.3** 
Asimilaţiei netă CO2 (An-μmolm-2s-1) 2018 23.5 Mt      25.4** 
             LSD  5% - 0.97;  LSD 1% - 1.41;  LSD  0.1% - 2.12. 
Evapotranspiration at the foliar level (mmolm-2s-1)(E - mmolm-2s-1) 2017 7.60  Mt     7.10 ooo 
Evapotranspiration at the foliar level (mmolm-2s-1)((E - mmolm-2s-1) 2018 3.40  Mt     2.54ooo 
             LSD  5% - 0,26;  LSD 1% - 0,38;  LSD  0,1% - 0,56. 
Active photosynthetic radiation (PARi 0-2000) μmolm-2s-1 2017 1270.0 Mt 1170.0 
Active photosynthetic radiation (PARi 0-2000) μmolm-2s-1 2018 926.7  Mt     1160.1 ** 
             LSD  5% - 133;  LSD 1% - 221;  LSD  0.1% - 342. 
Water use efficiency in photosynthesis (WUE mmol CO2 mol-1 H2O),2017 3.10Mt         3.90 *** 
Water use efficiency in photosynthesis (WUE mmol CO2 mol-1 H2O),2018 7.00Mt       11.60 *** 
            LSD  5% - 0.18;  LSD 1% - 0.26;  LSD  0,1% - 0.39. 
Saturation deficiency of water vapor (VPD – kPa),2017 1.10 Mt        2.94 *** 
Saturation deficiency of water vapor (VPD – kPa),2018 2.60 Mt         3.30*** 
          LSD  5% - 0.16;  LSD 1% - 0.24;  LSD  0.1% - 0.35 
214 
BĂRDAȘ Marius et al./ProEnvironment 12(2019) 208-215 
 
4. Conclusion 
 
In soybean culture in the two years of 
experience, the highest yields have been achieved in 
the conventional tillage system.In soybean crops of 
Onix and Felix varieties in 2018, the tillage systems 
influenced the physiological parameters, which were 
also influenced by the climatic conditions. In the two 
years 2017 and 2018, net assimilation (An), 
evapotranspiration (Evap), leaf water deficit (VPD) 
and the highest yields were obtained at the 
conventional tillage system (SC) in the soybean Onix 
and water efficiency in photosynthesis (WUE) and 
active photosynthetic radiation (PARi) were lower. 
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